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Abstract

Background: Sleep disturbance is a transdiagnostic risk factor so prevalent among young adults it is considered a public health
epidemic, exacerbated by the COVID-19 pandemic. Sleep may contribute to mental health via affect dynamics. Prior literature
on contribution of sleep to affect is largely based on correlational studies or experiments that do not generalize to the daily lives
of young adults. Furthermore, the literature examining the associations between sleep variability and affect dynamics remains
scant.

Objective: In an ecologically valid context, using an intensive longitudinal design, we aimed to assess the daily and long-term
associations between sleep patterns and affect dynamics among young adults during the COVID-19 pandemic.

Methods: College student participants (N=20, 65% female) wore an Oura ring continuously for 3-months to measure sleep
patterns, such as average and variability in total sleep time (TST), wake after sleep onset (WASO), sleep efficiency (SE), and
sleep onset latency (SOL), resulting in 1173 unique observations. We administered a daily ecological momentary assessment
(EMA) using a mobile health app to evaluate positive (PA) and negative affect (NA), and COVID-worry once per day.

Results: Participants with higher SOL and TST on the prior day had lower PA the next day. Further, higher average TST across
the 3-month period predicted lower average PA. TST variability predicted higher affect variability across all affect domains.

Conclusions: Fluctuating sleep patterns are associated with affect dynamics at daily and long-term scales. Low PA and affect
variability may be potential pathways through which sleep has implications for mental health.
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Abstract

Background: Sleep disturbance is a transdiagnostic risk factor so prevalent among young
adults it is considered a public health epidemic, exacerbated by the COVID-19 pandemic.
Sleep may contribute to mental health via affect dynamics. Prior literature on contribution of
sleep  to  affect  is  largely  based  on  correlational  studies  or  experiments  that  do  not
generalize  to  the  daily  lives  of  young adults.  Furthermore,  the  literature  examining  the
associations between sleep variability and affect dynamics remains scant. 

Objective: In an ecologically valid context, using an intensive longitudinal design, we aimed
to assess the daily and long-term associations between sleep patterns and affect dynamics
among young adults during the COVID-19 pandemic.

Methods: College student participants (N=20, 65% female) wore an Oura ring continuously
for 3-months to measure sleep patterns, such as average and variability in total sleep time
(TST),  wake after  sleep onset  (WASO),  sleep efficiency (SE),  and sleep onset  latency
(SOL),  resulting  in  1173  unique  observations.  We  administered  a  daily  ecological
momentary assessment (EMA) using a mobile health app to evaluate positive (PA) and
negative affect (NA), and COVID-worry once per day. 

Results: Participants  with  higher  SOL,  b=  -1.09,  SE=.36,  p=.006,  and  TST,  b=  -.15,
SE= .05, p=.008 on the prior day had lower PA the next day. Further, higher average TST
across the 3-month period predicted lower average PA,  b=  -.36,  SE=  .12,  p=.009. TST
variability predicted higher affect variability across all  affect domains.  Specifically, higher
variability in TST was associated higher PA variability,  b=.09, SE= .03, p=.007, higher NA
variability, b=.12, SE= .05, p=.03, and higher COVID-worry variability, b= .16, SE= .07, p=
.04.

Conclusions: Fluctuating sleep patterns are associated with affect dynamics at daily and
long-term scales. Low PA and affect variability may be potential pathways through which
sleep has implications for mental health. 

Keywords: sleep, objective sleep outcomes, affect variability, affect dynamics
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Introduction

Sleep is a robust and transdiagnostic risk factor for  various physical  and mental health
problems including mood disorders  [1–3]. Indeed, sleep disorders such as insomnia and
circadian misalignment contribute to  the development  or  recurrence of  mood disorders,
particularly depression and anxiety [4]. Variability in sleep duration, as measured by day to
day changes in nightly sleep, is as important a predictor for psychological well-being as the
average total amount of sleep  [5]. Sleep problems such as chronic sleep restriction and
irregular sleep patterns are common among college students [6]. For emerging adults who
are already at greater risk for psychopathology [7,8], the COVID-19 pandemic has disrupted
daily routines [9,10], potentially exacerbating variable sleep patterns, contributing to further
insufficient sleep and greater variability in sleep duration. Given the prevalence of sleep
disturbances as well as impact of the pandemic on young adults, it may be important to
examine the associations between sleep and affect in young adults during the COVID-19
pandemic.
Insufficient  sleep and sleep variability may contribute to physical  and mental  health via
affect dynamics. Positive (PA) and negative affect (NA), broadband indices of emotion, are
well-established predictors of well-being [11]. Blunted positive affect and increased negative
affect are risk factors for and significant predictors of the development and recurrence of
mental disorders - such as depression. COVID-worry or concern of COVID-19 infection is
another  relevant  affect  construct  during  the  pandemic  [12,13].  COVID-worry  has  been
discussed at length by psychologists during the COVID-19 pandemic (e.g.,[12-14]) and is a
distinct  psychological  factor,  uniquely  contributing  to  general  anxiety  and  persistent
pessimism [12]. Affect, however, is dynamic - the trajectory of emotional experiences often
fluctuates across time [15]. Above and beyond average affect, daily affect dynamics such as
affect  variability  may  contribute  to  explaining  individual  differences  in  psychological
functioning.  Affect  variability,  a  measure  of  the  extent  to  which  individuals  experience
frequent  PA,NA,  and  COVID-worry  fluctuations  is  known  to  play  a  prominent  role  in
psychopathology, such as mood disturbances [16,17]. 
Prior literature has mainly focused on the negative consequences of sleep deprivation on
average PA and NA, finding that sleep duration significantly predicts dampened PA and
elevated NA [18-22]. Experimental studies also confirm the similar effects of sleep loss on
changes in PA and NA  [23,24].  Specifically,  one night  of  sleep deprivation or/and sleep
restriction (i.e. 4 hours of sleep) compared to idealized sleep (i.e. opportunity of sleeping for
9.5-10 hours of sleep) decreases PA such as vigor and increases NA such as anger [23,24].
Yet,  this  knowledge  is  largely  based  on  correlational  studies  or  sleep  deprivation
experiments that do not generalize to the daily lives of chronically sleep restricted young
adults. Additional studies on the relation between affect and sleep problems in young adults
in  a  more  ecologically  valid  context  (e.g.,  daily  life)  may  help  to  elucidate  these
associations. Furthermore, to date, the literature examining the associations between daily
sleep variability and affect dynamics remains scant. Daily sleep variability contributes to
psychological well-being [5,25] but more studies using newer methods to examine objective
sleep are needed. Intensive longitudinal  designs conducted over longer periods of time
assessing both subjective and objective sleep outcomes are poised to accomplish these
goals. Considering the important contribution of poor sleep to mood disorders, particularly
depression and anxiety  [4,19], it is important to examine the nuanced characterizations of
the  consequences  of  daily  sleep  disturbances  on  affect  dynamics.  Examining  the
association  between daily  sleep  and affect  will  allow  for  a  better  understanding  of  the
development of comorbid sleep and mood disorders and designing prevention programs for

https://preprints.jmir.org/preprint/33964 [unpublished, peer-reviewed preprint]



JMIR Preprints Mousavi et al

at-risk individuals. 
The aim of the current study was therefore to assess 1) the daily associations between
sleep  and  affect,  and  2)  the  long-term  associations  between  sleep  patterns  such  as
average and variability in  total sleep time (TST), wake after sleep onset (WASO), sleep
efficiency (SE), sleep onset latency (SOL), and affect dynamics such as mean-levels of PA
and NA, PA and NA variability, and COVID-worry dynamics among young adults during the
COVID-19 pandemic across a 3-month period. Examining these associations at between
and  within-person  levels  will  allow  for  improved  understanding  of  the  development  of
comorbid  sleep and mood disorders  and support  the  identification  of  early  intervention
windows for at-risk individuals. This study was designed to examine sleep among young
adults in a 3-month period, however, the period of assessment varied from 1 month to 3
months due to retention. The majority of previous studies have assessed subjective and
objective sleep outcomes in a 14-day period (e.g.,  [5,25]), meaning that the current study
examined  a  longer  period  of  time.  Further,  multilevel  modeling  is  a  powerful  analytic
approach to analyze intensive longitudinal data with missing values for both between and
especially for within-subject research questions.

Method
Participants
College student participants (N = 20, 65% female, Mage = 19.80, SDage = 1.0) were assessed
daily  across  a  3-month  period  during  the  2020  COVID-19  pandemic  (range:  June-
November), resulting in 1173 unique observations. Participants were eligible if they met the
following criteria: unmarried, English speakers, full-time undergraduate students between
the ages of 18-22, and owned a primary Android smartphone compatible with the ecological
momentary  assessment  (EMA)  phone-based  survey  applications  and  study  wearable
devices. 

Procedure

The present  study was part  of  a larger  intensive longitudinal  study to  examine student
mental health [MASKED] that included physiological assessments, sleep tracking, and daily
emotional  and behavioral  reports.  The procedures  of  this  study  were  approved by  the
Institutional Review Board (#2019-5153) at University of California, Irvine. All  individuals
provided written informed consent prior to participation. We describe procedures relevant
for the purposes of the current investigation. Participants were first instructed on how to
wear the non-invasive device (i.e., Oura Ring) that continuously assessed sleep, activity,
and physiology throughout  the  day  and during  sleep  [26].  Participants  completed  daily
surveys on affect using a smartphone application. To maintain high adherence, participants
received reminders via text, email, or phone if there were more than 2 days of inactivity. 

Measures 

Sleep 

Using the Oura ring (manufacturer: the Ōura Health Ltd, Specifications: 2 x infrared LED
heart rate sensor, 2 x NTC body temperature, 3-axis accelerometer, and Gyroscope), total
sleep time (TST), wake after sleep onset (WASO), sleep efficiency (SE), and sleep onset
latency (SOL)  were  calculated  through the  detection  and interpretation  of  physiological
measures, including heart rate, heart rate variability, and pulse wave variability amplitude.
Previous studies have compared Oura ring to polysomnography (PSG), the gold standard
of  sleep measurement,  and research grade actigraphy (Philips Respironics,  USA).  The
study  by  [27] shows  that  based  on  epoch-by-epoch  (EBE)  analysis,  Oura  ring  yields
comparable sleep assessment to actigraphy [27], but underestimates total sleep time (TST)
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compared to PSG. However, other studies (e.g.,[28]) show that summary variables for sleep
onset latency (SOL), total sleep time (TST), and wake after sleep onset (WASO) are not
different between Oura ring and PSG. This validation study by  [28] is conducted among
healthy adolescents and young adults and shows that “the differences for TST and WASO
between PSG and Oura are within the ≤ 30 min a-priori-set clinically satisfactory ranges for
87.8% and 85.4% of the sample, respectively.” This study also shows that the Oura ring is
able to categorize sleep with accuracy of above 81.3% to PSG defined TST ranges (e.g.,
<6h, 6-7 h, >7h). However, there are some concerns regarding detecting the stage of the
sleep (e.g., light sleep, deep sleep, REM sleep) and therefore, the stages were not included
in the current study.

Affect and COVID Worry

As part of the ecological momentary assessment (EMA) phone-based surveys, participants reported
daily PA and NA using the Positive and Negative Affect Schedule each evening (PANAS [29]. Ten
positive (e.g., inspired) and ten negative (e.g., nervous) items were rated, respectively, on a 0-100
scale (0 = “Very Slightly”; 100 = “Extremely”). A total score of PA and NA was calculated using an
average  across  each  10-item  subscale  (PA  M=45.27,  SD=20.22,  alpha  =  .85;  NA  M=21.79,
SD=12.28, alpha = .91).  As a separate item (“How worried were you about contracting COVID
today?”), participants reported their COVID worry on a 0-100 scale (M = 17.41, SD = 19.15).” 

Sleep and Affect Variability

To  determine  the  variability  of  each  sleep  and  affect  variable,  we  created  a  series  of
successive differences by calculating the difference between two successive observations
within the same subject (e.g., night 2 - night 1, night 3 - night 2, etc). Next, these values
were squared. We used the square successive differences (SSDs) to compute a mean
square successive difference (MSSD) score. Finally, we calculated the root mean square
successive difference (RMSSD) score for each participant. The RMSSD is considered as
an index of variability, similar to the intra-individual variance of a series of observations but
more sensitive to fluctuations across successive observations [30]. 

Data Analysis

We  first  examined  variables  for  normality  and  heteroscedasticity.  To  examine  the
association between sleep (TST, SE, SOL) and affect variables (PA, NA, COVID- worry), we
first  conducted  multilevel  models  using  Restricted  Maximum  Likelihood  (REML).  This
approach  improves  estimates  of  variance  components  and  fixed  effects  standard  error
estimates in smaller samples by separating the estimation of the fixed effects from the
variance components [31].We predicted PA, NA, and COVID- worry as a function of fixed
effects  of  time,  between- and within-  sleep variables,  while  controlling for  previous day
affect. Next, we examined the association between sleep and affect variables using multiple
regression models. Previous studies have found that gender is linked with sleep outcomes
[32–34]. Therefore, gender was included as a covariate in these regression models. Finally,
we conducted hierarchical linear regressions to examine whether sleep variability variables
contribute to affect dynamics above and beyond the sleep average variables. 

Results

Descriptive statistics

20 college students (65% females, nfemale=13) completed the study, providing 1623 (M ±
SD=  43.49  ±  25.51  day/person)  nights  of  usable  Oura  ring  sleep  data  respectively.
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Completion rates for EMA studies were high (83%).
Multimedia Appendix 1: Table 1 provides descriptive statistics and the bivariate correlations
between the key variables. The average of participants’ total sleep time and total sleep time
variability were 6.84 and 1.8 hours, respectively. Participants also experienced an average
of 65.04 and 12.01 minutes of WASO and SOL, respectively with SE of 86.52% across the
study. Further, on average, participants reported low levels of NA (M = 21.79), moderate
levels of PA (M = 45.27), and low levels of COVID-worry (M = 17.41) across the study. We
assessed the bivariate correlation between COVID-worry mean and PA and NA means
(between-person  level)  and  found  no  significant  correlation  between  these  constructs.
Specifically, the correlation between COVID-worry mean and PA mean was -.19 (p=.43) and
the correlation between COVID-worry mean and NA mean was .43 (p=.06).

Daily sleep and daily affect

Multilevel models of the relation between sleep and affect revealed that participants with
higher SOL, b= -1.09, SE=.36, p=.006, and TST on the prior day, b= -.15, SE= .05, p=.008
had  lower  PA the  next  day,  while  controlling  for  previous  day  PA.  No  within-subject
differences were observed in predicting next-day PA. No associations between daily sleep
with NA and COVID-worry were found.

Main effects of sleep on average affect

The regression model predicting PA from average TST accounted for 34% of the variance in
average PA, Adj. R2= .26, F(2, 17)= 4.24, p=.028. Specifically, higher TST was associated
with lower PA,  b=  -.36,  SE= .12,  p=.009. Other sleep variables were not associated with
average  PA.  Sleep  was  not  associated  with  average  NA or  COVID-worry  (Please  see
Multimedia Appendix 2: Table 2 for more details). 

Main effects of sleep on affect variability

Sleep average and affect variability

SOL and SE predicted COVID-worry variability. The multiple regression model predicting
COVID-worry variability from average SOL and gender accounted for 38% of the variance
in COVID-worry variability, Adj. R2= .31, F(2, 17)= 5.29, p=.02, and the model from average
SE  and  gender  accounted  for  38%  of  the  variance  in  COVID-worry  variability,  Adj.
R2= .31, F(2, 17)= 5.24, p=.02. Specifically, higher average SOL predicted higher  COVID-
worry variability,  b= 1.87,  SE=  .89,  p=.05, and higher SE predicted lower COVID-worry
variability, b= -2.02, SE= .97, p=.05. Please see Multimedia Appendix 3: Table 3 for more
details.

Sleep variability and affect variability

The  multiple  regression  models  predicting  affect  variability  from  TST  variability,  while
controlling for gender, accounted for 36% of the variance in PA variability, Adj. R2= .29, F(2,
17)= 4.82, p=.02, 34% of variance in NA variability,  Adj. R2= .27, F(2, 17)= 4.44, p=.028,
and  40%  of  variance  in  COVID-worry  variability, Adj.  R2=  .33, F(2,  17)=  5.70, p=  .01.
Specifically, higher variability in TST was associated higher PA variability,  b=.09, SE= .03,
p=.007, higher NA variability, b=.12, SE= .05, p=.03, and higher COVID-worry variability, b=
.16, SE= .07, p= .04. Please see Multimedia Appendix 3: Table 3 for more details.
The hierarchical regression models showed  TST variability predicted PA variability above
and beyond average TST, Adj. R2= .26, F(3, 16)= 3.20, p= .05. However, models predicting
NA variability  and  COVID-worry  variability  were  only  marginally  significant  after  adding
average TST to the model, Adj. R2= .22, F(3, 16)= 2.82, p= .07, and Adj. R2= .22, F(3, 16)=
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2.82, p= .07, respectively.  

Discussion

Sleep patterns across daily and long-term scales were associated with daily and average
affect and affect variability assessed over a 3-month period. These findings resonate with
prior work suggesting that  poor sleep confers heightened risk for affective disturbances
prevalent in mood disorders such as depression [4]. The link between sleep variability and
affect variability may provide a window into how such patterns develop over time. 

Individuals with  longer  sleep time the night  before experienced lower PA the next  day.
Similarly,  individuals with longer average TST over the study period reported lower PA.
Previous studies, however, have suggested a positive association between sleep duration
and  greater  positive  affect  (e.g.,[25]).  During  COVID,  young  adults’  lives  changed
dramatically [35] and it is possible that they were sleeping above the recommended hours;
therefore, there may be a curvilinear association between TST and positive affect. Future
studies may benefit from examining this curvilinear association in a larger sample. Notably,
consistent with prior studies  [36], sleep did not predict NA. Low PA may be one potential
pathway through which sleep duration has implications for mental health. Low PA is both a
significant predictor of the onset of depression, as well as a characteristic of depressive
disorders. When PA is directly treated, symptoms of anxiety and depression, as well as
other disorders with anhedonic features are known to improve [37]. Thus, improving daily
sleep may be particularly important to prevent positive affect decline, potentially interrupting
the pathogenesis of illness states such as mood disorders.
TST variability predicted higher affect variability  across all  affect  domains (i.e.,  PA, NA,
COVID-worry),  and  thus  may  be  a  proximal  predictor  of  mood  disturbances.  Affect
variability  is  prevalent  in  various  mood-related  disorders  such  as  depression,  bipolar
disorder,  and  anxiety  disorders  [38].  Our  findings  have  important  implications.  First,
interventions to support sleep stability may indirectly reduce affect variability, and therefore
prevent clinically significant mood disturbances. For example, in bipolar disorder, variable
sleep and affect  during  euthymia  predict  worse long-term outcomes,  including  episodic
relapses  [39].  Second,  our findings suggest  that  stabilization of  affect  may be an early
marker  or  predictor  of  efficacy  of  transdiagnostic  sleep  interventions  targeting  mood
disorders with anhedonic features  [39]. Future research may benefit from experimentally
investigating the effect of regulating sleep time on affect dynamics in clinical populations. 
Our  findings  also  provide  specific  relevance  to  the  COVID-19  context.  Individuals  with
higher SOL experienced higher COVID-worry variability, and those with higher SE reported
lower COVID-worry variability. Specificity of the association between SOL and SE average,
and COVID-worry variability (i.e., not NA in general) may suggest the unique association
between  sleep  and  arousal-related  affect  compared  to  other  NA  subtypes.  Sleep
disturbances may contribute to lower capacity to adaptively overcome stress, and therefore
be  associated  with  higher  stress-related  sleep  reactivity  and  cognitive  pre-sleep
hyperarousal  [40].  Future  research  may  benefit  from  experimentally  investigating  the
association between sleep and specific subtypes of affect.

Limitations

Our findings carry some limitations. First, whether sleep causally predicts affect remains
unclear.  Daily  affect  may also  predict  multiple  sleep  indices  [36].  The  bidirectional  link
between sleep and affect may result in a cyclical pattern of sleep disturbance impacting
affect, which in turn may contribute to greater sleep disturbances. Further, the small sample
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size of this study was not diverse in age, limiting the generalizability of our findings to other
age groups. However, the peak prevalence of affect variability is among young adults (16-
24 years old) and gradually declines with age  [38]. Considering the small sample size of
this  study,  future  studies  may  benefit  from  examining  the  association  between  sleep
patterns and affect dynamics in a larger sample. 

Conclusion

Fluctuating sleep patterns are associated with affect dynamics such as average PA and
affect variability across all affect domains (i.e., PA, NA, COVID-worry) at daily and long-term
scales. Low PA and affect variability may be potential pathways through which sleep has
implications for mental health. Interventions targeting sleep stability may indirectly reduce
affect variability, and therefore prevent mood disorders. Stabilization of affect may be an
early marker or predictor of efficacy of transdiagnostic sleep interventions targeting mood
disorders with anhedonic features. 

Source  of  Funding  and  Acknowledgments: This  study  was  funded  by  Donald  Bren
Foundation  (Jain)  as  well  as  from  the  University  of  California,  Irvine,  Undergraduate
Research Opportunities Program at UCI (Faculty Sponsor: Borelli).

https://preprints.jmir.org/preprint/33964 [unpublished, peer-reviewed preprint]



JMIR Preprints Mousavi et al

Sleep and Affect Dynamics
10

References

[1] C. Baglioni  et al., “Insomnia as a predictor of depression: A meta-analytic evaluation of
longitudinal epidemiological studies,”  Journal of Affective Disorders, vol. 135, no. 1, pp.
10–19, Dec. 2011, doi: 10.1016/j.jad.2011.01.011.

[2] A.  G.  Harvey,  “Insomnia,  Psychiatric  Disorders,  and  the  Transdiagnostic  Perspective,”
Curr  Dir  Psychol  Sci,  vol.  17,  no.  5,  pp.  299–303,  Oct.  2008,  doi:  10.1111/j.1467-
8721.2008.00594.x.

[3] M. R. Irwin, “Why Sleep Is Important for Health: A Psychoneuroimmunology Perspective,”
Annual Review of Psychology, vol. 66, no. 1, pp. 143–172, 2015, doi: 10.1146/annurev-
psych-010213-115205.

[4] J.  M.  Murray  et  al.,  “Prevalence  of  Circadian  Misalignment  and  Its  Association  With
Depressive Symptoms in Delayed Sleep Phase Disorder,” Sleep, vol. 40, no. 1, Jan. 2017,
doi: 10.1093/sleep/zsw002.

[5] A.  J.  Fuligni  and  C.  Hardway,  “Daily  Variation  in  Adolescents’ Sleep,  Activities,  and
Psychological Well-Being,”  Journal of Research on Adolescence, vol. 16, no. 3, pp. 353–
378, 2006, doi: 10.1111/j.1532-7795.2006.00498.x.

[6] H. G. Lund, B. D. Reider, A. B. Whiting, and J. R. Prichard, “Sleep Patterns and Predictors
of  Disturbed  Sleep  in  a  Large  Population  of  College  Students,”  Journal  of  Adolescent
Health, vol. 46, no. 2, pp. 124–132, Feb. 2010, doi: 10.1016/j.jadohealth.2009.06.016.

[7] P.  K.  Leebens  and  E.  D.  Williamson,  “Developmental  Psychopathology:  Risk  and
Resilience  in  the  Transition  to  Young  Adulthood,”  Child  and  Adolescent  Psychiatric
Clinics, vol. 26, no. 2, pp. 143–156, Apr. 2017, doi: 10.1016/j.chc.2016.12.001.

[8] E.  R.  Weitzman,  “Poor  Mental  Health,  Depression,  and  Associations  With  Alcohol
Consumption, Harm, and Abuse in a National Sample of Young Adults in College,”  The
Journal  of  Nervous and Mental  Disease,  vol.  192, no.  4,  pp.  269–277, Apr.  2004, doi:
10.1097/01.nmd.0000120885.17362.94.

[9] J. Lai et al., “Using Multimodal Assessments to Capture Personalized Contexts of College
Student  Well-being in  2020:  Case  Study,”  JMIR Formative  Research,  vol.  5,  no.  5,  p.
e26186, May 2021, doi: 10.2196/26186.

[10] M.  J.  Savage  et  al.,  “Mental  health  and  movement  behaviour  during  the  COVID-19
pandemic  in  UK  university  students:  Prospective  cohort  study,”  Mental  Health  and
Physical Activity, vol. 19, p. 100357, Oct. 2020, doi: 10.1016/j.mhpa.2020.100357.

[11] E. Diener, C. N. Scollon, and R. E. Lucas, “The evolving concept of subjective well-being:
The multifaceted nature of happiness,” in Assessing well-being: The collected works of Ed
Diener, New York, NY, US: Springer Science + Business Media, 2009, pp. 67–100. doi:
10.1007/978-90-481-2354-4_4.

[12] S. M. Jungmann and M. Witthöft, “Health anxiety, cyberchondria, and coping in the current
COVID-19  pandemic:  Which  factors  are  related  to  coronavirus  anxiety?,”  Journal  of
Anxiety Disorders, vol. 73, p. 102239, Jun. 2020, doi: 10.1016/j.janxdis.2020.102239.

[13] R. S. G. Limcaoco, E. M. Mateos, J. M. Fernández, and C. Roncero, “Anxiety, worry and
perceived stress in the world due to the COVID-19 pandemic, March 2020. Preliminary
results,” medRxiv, Apr. 2020. doi: 10.1101/2020.04.03.20043992.

[14] R.  Muñoz-Navarro,  E.  Malonda,  A.  Llorca-Mestre,  A.  Cano-Vindel,  and  P.  Fernández-
Berrocal,  “Worry  about  COVID-19  contagion  and  general  anxiety:  Moderation  and
mediation effects of cognitive emotion regulation,”  Journal of Psychiatric Research, vol.

https://preprints.jmir.org/preprint/33964 [unpublished, peer-reviewed preprint]



JMIR Preprints Mousavi et al

Sleep and Affect Dynamics
11

137, pp. 311–318, May 2021, doi: 10.1016/j.jpsychires.2021.03.004.
[15] U.  W.  Ebner-Priemer,  M.  Eid,  N.  Kleindienst,  S.  Stabenow,  and  T.  J.  Trull,  “Analytic

strategies  for  understanding  affective  (in)stability  and  other  dynamic  processes  in
psychopathology,”  Journal of Abnormal Psychology, vol. 118, no. 1, pp. 195–202, 2009,
doi: 10.1037/a0014868.

[16] M. Houben, W. Van Den Noortgate,  and P.  Kuppens,  “The relation between short-term
emotion dynamics and psychological well-being: A meta-analysis,” Psychological Bulletin,
vol. 141, no. 4, pp. 901–930, 2015, doi: 10.1037/a0038822.

[17] T.  J.  Trull,  S.  P.  Lane,  P.  Koval,  and  U.  W.  Ebner-Priemer,  “Affective  Dynamics  in
Psychopathology,”  Emotion  Review,  vol.  7,  no.  4,  pp.  355–361,  Oct.  2015,  doi:
10.1177/1754073915590617.

[18] R. E. Dahl and D. S. Lewin, “Pathways to adolescent health sleep regulation and behavior,”
Journal of Adolescent Health, vol. 31, no. 6, Supplement, pp. 175–184, Dec. 2002, doi:
10.1016/S1054-139X(02)00506-2.

[19] M. A. Short, S. A. Booth, O. Omar, L. Ostlundh, and T. Arora, “The relationship between
sleep duration and mood in adolescents:  A systematic review and meta-analysis,”  Sleep
Medicine Reviews, vol. 52, p. 101311, Aug. 2020, doi: 10.1016/j.smrv.2020.101311.

[20] E. D. Valck and R. Cluydts, “Slow-release caffeine as a countermeasure to driver sleepiness
induced by partial sleep deprivation,”  Journal of Sleep Research, vol. 10, no. 3, pp. 203–
209, 2001, doi: 10.1046/j.1365-2869.2001.00260.x.

[21] S.-S. Yoo, N. Gujar, P. Hu, F. A. Jolesz, and M. P. Walker, “The human emotional brain
without sleep — a prefrontal amygdala disconnect,”  Current Biology, vol. 17, no. 20, pp.
R877–R878, Oct. 2007, doi: 10.1016/j.cub.2007.08.007.

[22] D. Zohar, O. Tzischinsky, R. Epstein, and P. Lavie, “The Effects of Sleep Loss on Medical
Residents’ Emotional Reactions to Work Events: a Cognitive-Energy Model,”  Sleep, vol.
28, no. 1, pp. 47–54, Jan. 2005, doi: 10.1093/sleep/28.1.47.

[23] M.  A.  Short  and  M.  Louca,  “Sleep  deprivation  leads  to  mood  deficits  in  healthy
adolescents,”  Sleep  Medicine,  vol.  16,  no.  8,  pp.  987–993,  Aug.  2015,  doi:
10.1016/j.sleep.2015.03.007.

[24] R.  Reddy,  C.  A.  Palmer,  C.  Jackson,  S.  G.  Farris,  and C.  A.  Alfano,  “Impact  of  sleep
restriction  versus  idealized  sleep  on  emotional  experience,  reactivity  and  regulation  in
healthy  adolescents,”  J  Sleep  Res,  vol.  26,  no.  4,  pp.  516–525,  Aug.  2017,  doi:
10.1111/jsr.12484.

[25] N. L. Galambos, A. L. Dalton, and J. L. Maggs, “Losing Sleep Over It: Daily Variation in
Sleep Quantity and Quality in Canadian Students’ First Semester of University,” Journal of
Research  on  Adolescence,  vol.  19,  no.  4,  pp.  741–761,  2009,  doi:  10.1111/j.1532-
7795.2009.00618.x.

[26] M. A.  Mehrabadi  et  al.,  “Sleep Tracking of a  Commercially  Available  Smart  Ring and
Smartwatch Against Medical-Grade Actigraphy in Everyday Settings: Instrument Validation
Study,”  JMIR  mHealth  and  uHealth,  vol.  8,  no.  11,  p.  e20465,  Nov.  2020,  doi:
10.2196/20465.

[27] N. I.  Chee,  S.  Ghorbani,  H. A. Golkashani,  R. L.  Leong,  J.  L.  Ong, and M. W. Chee,
“Multi-Night  Validation  of  a  Sleep  Tracking  Ring  in  Adolescents  Compared  with  a
Research Actigraph and Polysomnography,” NSS, vol. Volume 13, pp. 177–190, Feb. 2021,
doi: 10.2147/NSS.S286070.

[28] M.  de  Zambotti,  L.  Rosas,  I.  M.  Colrain,  and  F.  C.  Baker,  “The  Sleep  of  the  Ring:

https://preprints.jmir.org/preprint/33964 [unpublished, peer-reviewed preprint]



JMIR Preprints Mousavi et al

Sleep and Affect Dynamics
12

Comparison of  the  ŌURA Sleep Tracker  Against  Polysomnography,”  Behavioral  Sleep
Medicine, vol. 17, no. 2, pp. 124–136, Mar. 2019, doi: 10.1080/15402002.2017.1300587.

[29] D. Watson, L. A. Clark, and A. Tellegen, “Development and validation of brief measures of
positive  and  negative  affect:  The  PANAS  scales,”  Journal  of  Personality  and  Social
Psychology, vol. 54, no. 6, pp. 1063–1070, 1988, doi: 10.1037/0022-3514.54.6.1063.

[30] S.  Jahng,  P.  K.  Wood,  and  T.  J.  Trull,  “Analysis  of  affective  instability  in  ecological
momentary  assessment:  Indices  using  successive  difference  and  group  comparison  via
multilevel  modeling,”  Psychological  Methods,  vol.  13,  no.  4,  pp.  354–375,  2008,  doi:
10.1037/a0014173.

[31] D. McNeish, “Small Sample Methods for Multilevel Modeling: A Colloquial Elucidation of
REML and the Kenward-Roger Correction,” Multivariate Behavioral Research, vol. 52, no.
5, pp. 661–670, Sep. 2017, doi: 10.1080/00273171.2017.1344538.

[32] N. Goel, H. Kim, and R. P. Lao, “Gender Differences in Polysomnographic Sleep in Young
Healthy Sleepers,”  Chronobiology International,  vol. 22, no. 5, pp. 905–915, Jan. 2005,
doi: 10.1080/07420520500263235.

[33] V. Krishnan and N. A. Collop, “Gender differences in sleep disorders,” Current Opinion in
Pulmonary  Medicine,  vol.  12,  no.  6,  pp.  383–389,  Nov.  2006,  doi:
10.1097/01.mcp.0000245705.69440.6a.

[34] B. Zhang and Y.-K. Wing, “Sex Differences in Insomnia: A Meta-Analysis,” Sleep, vol. 29,
no. 1, pp. 85–93, Jan. 2006, doi: 10.1093/sleep/29.1.85.

[35] F. Glowacz and E. Schmits, “Psychological distress during the COVID-19 lockdown: The
young adults  most  at  risk,”  Psychiatry  Research,  vol.  293,  p.  113486,  Nov.  2020,  doi:
10.1016/j.psychres.2020.113486.

[36] D. A. Kalmbach, V. Pillai, T. Roth, and C. L. Drake, “The interplay between daily affect and
sleep: a 2-week study of young women,” Journal of Sleep Research, vol. 23, no. 6, pp. 636–
645, 2014, doi: https://doi.org/10.1111/jsr.12190.

[37] M. G. Craske, A. E. Meuret, T. Ritz, M. Treanor, and H. J. Dour, “Treatment for Anhedonia:
A Neuroscience Driven Approach,” Depression and Anxiety, vol. 33, no. 10, pp. 927–938,
2016, doi: https://doi.org/10.1002/da.22490.

[38] S.  Marwaha,  N.  Parsons,  S.  Flanagan,  and  M.  Broome,  “The  prevalence  and  clinical
associations  of  mood  instability  in  adults  living  in  England:  Results  from  the  Adult
Psychiatric Morbidity Survey 2007,”  Psychiatry Research, vol. 205, no. 3, pp. 262–268,
Feb. 2013, doi: 10.1016/j.psychres.2012.09.036.

[39] M. R.  Broome,  K. E.  A.  Saunders,  P.  J.  Harrison,  and S.  Marwaha,  “Mood instability:
Significance, definition and measurement,” Br J                         Psychiatry , vol. 207, no. 4,
pp. 283–285, Oct. 2015, doi: 10.1192/bjp.bp.114.158543.

[40] L. Palagini, E. Petri, M. Novi, D. Caruso, U. Moretto, and D. Riemann, “Adult insecure
attachment plays a role in hyperarousal and emotion dysregulation in Insomnia Disorder,”
Psychiatry  Research,  vol.  262,  pp.  162–167,  Apr.  2018,  doi:
10.1016/j.psychres.2018.01.017.

https://preprints.jmir.org/preprint/33964 [unpublished, peer-reviewed preprint]



JMIR Preprints Mousavi et al

Supplementary Files

https://preprints.jmir.org/preprint/33964 [unpublished, peer-reviewed preprint]



JMIR Preprints Mousavi et al

Multimedia Appendixes

Table 1 Means, standard deviations, and correlations between sleep and affect variables.
URL: http://asset.jmir.pub/assets/58720946e58fc8d327029918fd145fe7.docx

Table 2. Adjusted estimates predicting average affect from objective sleep, gender, and age.
URL: http://asset.jmir.pub/assets/ba69316343d9b7795d54c7ef3dcaee97.docx

Table 3 Adjusted estimates predicting affect variability from objective sleep, gender, and age.
URL: http://asset.jmir.pub/assets/185bd346f3d9f8ae0b7907f00f86b3fe.docx

Table 4 Unstandardized coefficient estimates in models predicting daily sleep by daily affect.
URL: http://asset.jmir.pub/assets/2b48567aec07ffbf0bf6f1cfd52777ae.docx

Powered by TCPDF (www.tcpdf.org)

https://preprints.jmir.org/preprint/33964 [unpublished, peer-reviewed preprint]

http://www.tcpdf.org

	Table of Contents
	Original Manuscript
	Supplementary Files
	Multimedia Appendixes
	Multimedia Appendix 1
	Multimedia Appendix 2
	Multimedia Appendix 3
	Multimedia Appendix 4



